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Effect of Water Deprivation and Wool Coat Length
on Body Fluid Compartments in Barki Sheep
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TWENTY nine Barki ewes ( Egyptian fat tailed breed)
were used in this study. They were divided according
to their -wool length into 2 unshorn, 10 half-shern and 10
shorn. Each of the three groups of sheep was divided
into two subgroups : one was given water ad libitum and
the other was deprived of water for a period of 120 hours
in winter and 96 hours in summer, During the experimental
period all ewes were kept under shade, the contrel group
was separated from the water deprived animals and body
fluid compartments were measured.

Sheep were able to withstand dehydration up to 19.5%
loss in body weight without exhaustion. Also they rapidly
rehydrated, .

In both summer and winter, total body fluid and in-
tracellular fluid volumes were significantly (p < 0.01)
lower in the water deprived ewes than that of,
the control group. Significant (p < 0.05) higher ex-
tracellular fluid value was recorded in hydrated animals
during the winter but not in the summer.

In both seasons, water deprivation did not cause any
significant changes in blood volume, plasma volume and
hematocrit valies.  Thus sheep ean maintain relatively
normal circnlation during dehydration which is one of the
most disturbed function in many mammals. Regulation of
plasma volume is one of the main mechanisms underlying
tolerance to dehydration.
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Survival of desert animals largely depends on their ability to use
the available water efficiently. Patterns of body fluid distribu-
tion and the extent of maintenance of circulatory fluid volume
at times of water stress are crucial factors for survival in the
desert ( Khan and Ghosh, 1985). Goat ( Khan et al., 1979 ) are
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known to maintain relatively constant circulatory volume under
wsater stress conditions, however sheep and the donkeys apparently
fail to maintain it ( Khan, 1983 }.

Body fluid changes in sheep exposed to short-term water de-
privation have been previously reported by Macfarlane €i al. {1961)
and Purohit ef ¢l. (1972). On the contrary, data on the effect
of the interaction between weol coat and water deprivation on body
fluid compartments are lacking. Accordingly, the present experi-
ment was designed to study the effect of short-term water depri-
vation on body fluid compartments in sheep with different wool
lengths during winter and summer seasons,

Material and Methods

The present experiments were conducted on 29 Barki ewes
( a local fat tailed breed of Egypt), 3 - 3.5 years old with an aver-
age body weight of 29.64 = 0.70 kg. The animals were maintained
at an Experimental Station supervised by the Faculty of Agricul-
ture, Al-Azhar University and located at El-Hammam, Matrough
Governorate, Egypt. Before and during conducting these experi-
ments all animals were kept under semi-open sheds day and night.
They were fcd on hay and concentrates according to their body
weight requirements ( Morrison, 1959 ). Water was provided ad
libitum twice daily during the pre-experimental periods. All animals
were healthy and clinieally free from diseases.

The experimental animals were divided according to their
wool length into 9 unshorn, 10 half-shorn and 10 shorn. The un-
shorn group had a mean wool length of 14.67 = 1.07 em and 11.95
+ 0.52 em in summer and winter respectively and a mean fibre
diameter of 27.77 == 1.60 pm and 31.53 == 1.15 wm in the same
respective order. The half-shorn group had a mean wool length
of 375 = 0.19 em and 2.70 = 0.16 e¢m in summer and winter
respectively and a mean fibre diameter of 32.51 = 1.58 um and
27.56 = 0.73 pm in the same respective order. Tn this group shear-
ing was performed about three months prior to the start of the
experiments. In the shorn animals, shearing was ecarried out 25
days prior to the start of the experiments in order to avoid the
effect of shearing on the measured parameters ( Slee and Sykes,
1967 ; McNatty ef al., 1972 ).
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Experiments were carried out in normal and water deprived
ewes during both of the summer (August) and winter (Feb-
ruary ), seasons,

In each experiment, each of the three groups was divided into
two subgroups one was given ad libifum waler and the other was
deprived of water for 96 hours in summer and 120 hr in winter
in order to colleet all the blood samples involved in total body fluid
determination. Animals were weighed at the beginning of the ex-
periment and every 24 hours thereafter. The difference in body
weights was used to calculate the percentage dehydration.

Blood samples for determination of body fluid compartments
was first eollected after 48 hoursg in summer and 72 hr in winter
from the start of water deprivation.

Total body fluid volume (TBFV) was determined using tritiat-
ed water as described by Yousef et «l. (1970). For cach determi-
nation after a control bleod sample wag taken, a single dose of
about 1.0 me of tritiated water was injected in the right jugular
vein. Blood was sampled from the left jugular vein after 12 hr
and every 12 hr thereafter, for a period of 48 hours. The plasma
samples were agsayed for tritium by using Liguid Seintillation
Spectrometer. Internal standard was used to correct for the
guenching of color. Total body fluid volume was caleulated as pre-
viously described by Aschbacker et el. (1985). The extracellular
fluid volume ( ECFV ) was determined by the sodium thiocianate
method as described by Yousef et al. (1970). The intracellular
fluid (ICF) was calculated by subtraction of ECFV form TBEV.
Hematoerit (Ht) was measured using a mierohematocrit centri-
fuge according to Bauer (1970). The red blood cell volume ( C.V.)
wag determined using "'Cr. Knowing C.V,, plasma volume (PV)
end blood volume ( BV ) were calculated according to Yousef ef
el (1970).

The length and diameter of wool fibres were measurced during
summer and winter seasons using wool samples that were taken
from the right-mid-side position of the animals. Fihre length and
dinmefer were measured according to the LW.T.0. (1952 and
1961 ).
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Ambient Temperature (Ta) (i.e dry bulb temperature ) and
the percentage of relative humidity (RH )} were measured by a
thermohygrograph located about 1.5 meters from the ground,

Statistical analyses were carried out as described by Snedecor
and Cochran (1973} and Ronald (1974).

Results anmnd Discussion

Meteorological data during the experimental periods were ob-
tained. In the winter season average minimum and maximum am-
bient temperatures were 8.75 = 1.44 and 1850 - 0.58°C respec-
tively. Respective values for percent relative humidity were 37.50
= 2.63 and 75.75 = 1.659,. In the summer average minimum and
maximum ambient temperatures were 18.40 = 0.60 and 33.00 =+
0.97 °C respectively. Respective percent relative humidity were
30.71 + 3.86 and 79.00 = 2.329,. Accordingly, it is evident that
the animals were exposed to heat stress during the summer season
since the upper limit of the thermoneutral zone for sheep is about
24°C ( Hahn, 1982 ). During the winter season, the shorn animals
were probably exposed to cold stress at night ( Khalil, 1980 ).

Body weight

The average body weights for all subgroups in both seasons
are presented in Tables 1 and 2. There was no significant dif-
ferences in body weight between the normal (control) and de-
hydrated groups in hoth seasons.

In winter, after 72 hr of water deprivation the percent body
weight loss was 13.79,, 18.9% and 19.5% for the shorn, half-shorn
and unshorn ewes respectively. Respective figures in the summer
season, after 48 hr of water deprivation, were 12.4%, 12.29%, and
11.3%. Several workers ( More and Sahni, 1978 and Khalil et al.,
1985 & 1989 ) have reported similar loss in hody weight during
water deprivation in sheep. In the winter season, percent dehydra-
tion ( % body weight loss } was greater as wool length increased.
This result is perhaps due to the higher respiration rates (respi-
ratory evaporation ) in the unshorn ewes as they were under shade

resulting in consequent greater loss in body fluid content ( Khalil
et al., 1985).
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Rehydration

Rehydration oceured rapidly, where the dehydrated ewes drank
enough to restore about 70.7% (in winter ) and 90.5% ({(in sum-
mer ) of the water loss within 3 -7 minutes. All of the weight
debit was repaid when food and water were given ad libiluwm within
36 hr in both seasons. Overhydration was never observed.

The data presented above establish the remarkable ability
of sheep to withstand dehydration up to 19.5%, without exhaustion.
Additionaly, the rapidly of rehydration is egually striking. These
physiological adaptations have been found in the Osgimi, Rahmani
and their crosses with Finish Landrace (Khalil ef «l., 1989 ). The
notable tolerance to high level of dehydration may explained by
the ability of the animals to regulate their plasma volume as dis-
cussed thereafter,

Body fluid compartments

The mean values for the various body fluid compartments in
all subgroups are presented in Table (1) ( winter season) and
Table (2) (summer season ). Single way analysis of variance and
Duncang' Multile Range Test revealed that in both seasons, the wool
coat had a non-significant effect on body fluid compartments.

As an overall mean, “{-test” indicated that in both seasons
(TBFV) and (ICFV) were significantly (p < 0.01) lower in
the water deprived ewes than that of the control. Significant (p
< 0.05}) higher ECFV value was measured in sheep given water
compared to the water deprived group in winter.

Water deprivation did not cause any significant decrease in
BV, PV and Ht in both summer and winter seasons,

The data, indicate that, during water deprivation body water
was lost chiefly from the ICFV followed by ECFV (Tables 1 & 2). In
other words, the greatest contribution to the total body water loss
was from ICFV and ECFV, whereas, the smallest relative loss was
from PV and BV (Tables 1 & 2). Thus, dehydrated sheep seems
to be able to maintain relatively normal circulation which is one
of the most disturbed functions in many mammals. Thig finding
supports previously published work using sheep ( More and Sahni,
1978 and More and Rawat, 1984 ) ; sheep and goats ( El-Hadi, 1986 )
and burre or donkeys ( Yousef et al, 1970). What maintains
plasma. volume relatively constant as compared to other body fluid
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TABLE 1. Means -~ standard errors of bedy weight (BW), total body fluid
velume (TBFYV), extracellular fluid volume (ECFYV), iniracellular
fluid volume (ICFV), blood volume (BV) and plasma volume (PV)
of normal and 72 hours water deprived shorm, half shorn and
unshorn ewes In winter season.

e e e e e e 2 im0 e e e s —

iormal {zontrel group) Hater deprived qroup
Shera Half- Unshorn T Sharn Half-  Unshomn Lo
thorn over all shorn over atl
B Gero tine)  26.00+ 3255 25.005 23.45 ¢ 28.00 0 000 s 0.5 s 3009 s
2007 38T T z2as” 1.53 1.36 1.65 1.00
B {after 72 hke) 28,75+ 21,88+ 2500 ¢ 2858 ¢ 2417+ 5.3+ 2475 2a.7% bt
water déeprivation 2777 3,807 200~ L7197 % .30 1.13 101
TBF (11ter) 17,925 2091+ 1614+ 1858+ 1589+ 1197+ 13.02+ 13.62+
287 05T 2m” oL 1.7 2.61 1.35 1.17
TBF (Mter/kg 8W) 070+ 0.68¢ 0.65¢ Q66+ 057 0,38+ 0.83 ¢«  0.45 ¢ *¢
0.077  0.04T 0027 Q.02 9087 0077 007 0.04
KF (lter) 995+ 8.88s 9.05% 0084 8298 Tws 5995 7.81e
.17 LM” 058" 0.6 Q.64 2,087 0837 0.75
ECF (liter/kg BM) 0.38¢ 028+ 0446 0.36¢¢ 0.32¢ 0.23+ 0.24 + 0.2Bew
6017 9057 031 0037 0007 8037 0.00 0.02
ICF {liter) 962+ 172+ 489e 917+ B+ 353t B2r GILe
2 I T i R 06 I 7 0257 1.8 1.69 1.1
ICF (Mter/kg BW) 038+ 037+ 0.23¢ 0.33+% 029+ 0.1 ¢ 0.29 + .23 ¢ 40
0127 0047 0057 0.08 0.037 0027 G097  0.057
BV (liter) 0.8+ 0.92¢ 058s 08+ 080+ 0.64+ 083+ 0733
0087 0.087 0087 0.0 0.12 0.10 0.07 0.06
BV (Mter/kg BN) 0.03+ 0.0+ 003+ 0.03 ¢ 0.03+ Q02+ 0.0+ 0.02 .
0007 0007 0007 0,00 0.0 000 0.00 .00
o (liter) 8.57+ 071+ 0.5+ 0.52 ¢+ 0.60 + 0.53 ¢ 0.62 + 0.58 ¢
0,027 006 006 0.037 0.09 0117 0.077  0.05
P (Miterfkg BH) 002+ 002+ 004+ 0.02 » 0,02+ 002+ 002+ 0.02+
0.00 7  0.00 0.007 0.007 0.007 G06”T 000 000"
HE % 2825+ 2275+ 24,50+ 23.83 + 26,50 + 23.50 + 22.50 + 23,70 ¢
.25 0857 1197 0.637 0,507 0.5 1197 0667

* = Bignificant (p < 0.05) difference between X, and X,
= Significant (p< 0.01) different between X, and X,

!

kg = kilogram,
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TABLE 2,

Means -~ standard errors of hedy weight (BW), total body fluid
volume (TBFV), extracellular fluid volume (ECFY), intracellular
fluid volume (ICFV), blood velume (BV) and plasma volume (PYV3
ef normal and 48 hours water shorn, half shorn and unshorn
ewes in smnmer seasom.

Hormal (contral) group Water deprived group
Shorn Hatf- Unshorm X Sharn Half- Unshara Xa
sharn “over all shorn avar alt
B (zerotine) 2875+ 26.60+ 2850+ 27.85+ 20,054 27.00 « 2088+ 29.19
2.59 1.33 L4~ g9 = LO3™ 2067 244 110”
Bilarter 43 hr) 2850+ 26104 28.00¢ 2792+  25.60% M40 238 2569«
water depefvation 2257 1297 (gm~  g.06 - 6947 183 .6 0,91~
T (1ier) U9 RIS DM 2266+ 207 W0The 2235 4 2065
3807 18T Lm- i 0.82° 118~ 1.8 78
TOF (Hter/kg 86} 0.88¢ 0.88+ 082+ 0.85+% 0.69s 0.2+ 6.3+ 071w
0.04 0.02° 083"  g.02” 0.037 0.0 g2 gap -
ECF (11ter) 18y 18y naa: BGe  bis Lare B lTORS
830 o.M~ pe0 g8~ G786 407 0.8 "
ECF (Mter/tg BM) 0.27¢ 029+ 0.5+ 0.7+ D27+ 026+ 020+ 025+
0.047 0037 0.02° 62T 0027 003~ 0.03- 0.0z~
ICF (Viter) .30¢ 1506+ 1509+ 1599+  12.07+ 12,676 16.13 o 19874
3427 LS0T 083 L24T  0.80” 118~ 121 197
ICF(Titer/kg B) 058+ 0.564 0.560 057+ 042+ 046+ 052+ 0.45 +
0.067 0087 0,047 0037  002- 0.03° 001~ 0.0
By (!iter) 1.26 # 1.53 1.% : 1.39 » L.11 + 1.26 + 1.5 + 1.18 +
0207 0.137 0167 0.09° 005~ 020~ O.ca- 0.08 -
B (ter/kg8¥) 0.05+ 0.065 0.05» 0.05+ 008+ 0.05+ 0.03+ 0.04 .
0.0k 0.1 ™ 0.01 ~ 0.04 0.00 ~ 0.01 7 0.90 ~ 0.01
W (liter) 093¢ Liss Ul0s Lo  0dbe 088 oine 0.90 +
GIST 01T 0127 0M T geeT 047 007~ o007 -
W Qterfig ) 0.03+ 004+ 008+ 0.08+  0.03s 006+ 0.02+ 0.03e
8007 0007 0017 0617 0.0 0.00- 001~ 009~
it 3 WShy 00 9.50s 23.08s 20758 260 e 23950 2nee e
1.2 7 52 T 6L 1.05 ~ L 2.9~ 1.83 7 0,637

¥E = Bignificant (p< 0.01) difference between X, and X,

kg = kilogram
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compartments is not known. Further, studies on capillary wall
permeability and movement of protein fractions, specifically albu-
min reveal the underlying mechanisms.

Water deprivation in winter and summer did not cause any
change in Ht %, (Tables 1 & 2). This result agrees with those
obtained by More and Sahni (1978).

In conclusion, the sheep tolerance to dehydration may depend,
at least in part, on their ability to maintain normal blood volume.
This helps to maintain circulation and thus heat dissipation.

T thank the late Prof. Ahmed 8. El-Sheikh and Prof. Mohamed
K. Yousef. This study was supported by The American National
Science Foundation Grant No. 01P74 - 04785.
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